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a  b  s  t  r  a  c  t
Biologically  active  proteins  isolated  from  plant  species  can  be  used  in traditional  medicine  as  proliﬁc
resources  for  new  drugs  Morinda  pubescens  Sm.,  Rubiaceae,  is a promising  medicinal  plant  which  is widely
used  in  folk  medicine  to  treat  fever  due  to  primary  complex,  ulcer  and  glandular  swellings.  In this  study,
proteins  were  extracted  from  the  leaves  of  M. pubescens,  and  precipitated  with  ammonium  sulphate
at  various  saturation  concentrations  ranging  from  20 to 80%.  The  precipitated  protein  sample  obtained
with  80%  saturation  was  further  puriﬁed  using  ultraﬁltration  membrane  (<10  kDa).  SDS-PAGE  analysis
identiﬁed  the  presence  of  crude  and  ultraﬁltered  protein  bands.  FTIR  spectrum  of  the  ultraﬁltered  protein
fractions  depicted  the  presence  of  hydroxyl  and  carbonyl  groups  of proteins.  The  ultraﬁltered  proteinsorinda pubescens
TT  assay
rotein extraction
exhibited  increased  cytotoxic  activity  on  A549  cells  at  the  concentrations  ranging from  15  to 100  g/ml.
About  98%  cell  viability  was  also  observed  in  Vero  cells  treated  with  the  maximum  concentration  of
100  g/ml  of ultraﬁltered  protein  extract.  DNA  fragmentation  was  observed  in  A549  cells  treated  with
10  g/ml  of ultraﬁltered  proteins,  indicating  the  onset  of apoptosis.
rasil
he  CC©  2016  Sociedade  B
access  article  under  t
ntroduction
Bioactive proteins and peptides from plant sources exhibit
ifferent activities, such as antimicrobial, antioxidant, antithrom-
otic, antihypertensive, hypocholesterolemic, hypoglycemic,
mmunomodulatory, opioid, and antiproliferative activities. These
ctivities can affect the condition of major body systems, like
ardiovascular, digestive, endocrine, immune and nervous system
Ledesma et al., 2009). Plants possessing anticancer activity were
ound in Violaceae, Rubiaceae, Fabaceae and Cucurbitaceae fam-
lies (Gerlach and Mondal, 2007). Macrocyclic proteins, such as
irculins A (32.8 kDa) and B (31.5 kDa), were isolated from Chassalia
arvifolia and cyclopsychotride from Psycho trialongipes which
elong to Rubiaceae family. These cyclic proteins show cytotoxic
ctivity, antiHIV and hemolytic activity (Gustafson et al., 1994;
itherup et al., 1994). Anticancerous byproducts are derived from
orinda citrifolia (noni) fruit (A549 human lung carcinoma cells)
Jang, 2012) and b romelain, a protein found in several members
f Rubiaceae family are reported to have anti-tumor activity
Marshall and Golden, 2012).
Morinda pubescens Sm., commonly known as Aalis a species of
owering plant of the family Rubiaceae, native to Southern Asia.
∗ Corresponding author.
E-mail: rupachandra.s@ktr.srmuniv.ac.in (R. Saravanakumar).
http://dx.doi.org/10.1016/j.bjp.2016.08.003
102-695X/© 2016 Sociedade Brasileira de Farmacognosia. Published by Elsevier Edit
reativecommons.org/licenses/by-nc-nd/4.0/).eira  de Farmacognosia.  Published  by Elsevier  Editora  Ltda.  This  is  an open
 BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
The bark of M. pubescens,  is useful in treating eczema, fever due
to primary complex, ulcer and glandular swellings, while leaves
are useful for digestive disorders and venereal diseases (Nivas
et al., 2011). The preliminary phytochemical study of the methanol
extracts of leaf and stem bark of M.  pubescens,  exhibited antimicro-
bial and antioxidant properties (Murugan et al., 2012). The aim of
this study is to isolate and purify cytotoxic proteins from the leaves
of M. pubescens.
Materials and methods
Plant material and reagents
The leaves of Morinda pubescens Sm., Rubiaceae, were collected
and authentiﬁed (PARC/2012/1384) by Dr. P. Jayaraman, Director of
Plant Anatomy Research Centre, Chennai. All buffers and chemicals
used were of analytical grade. Human cancer cell line such as A549
(adenocarcinomic human alveolar basal epithelial cells) and Vero
cell lines (African green monkey kidney cells) were purchased from
NCCS, Pune.
Protein extractionLeaves of M.  pubescens were washed with distilled water and
shade dried. The dried leaves were ground to ﬁne powder. About
5 g of powdered leaf sample was  extracted with 50 ml  of extraction
ora Ltda. This is an open access article under the CC BY-NC-ND license (http://
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and ultraﬁltrate (0.5 mg/ml) were estimated by Bradford assay.
Similar studies have been performed by extracting bioactive pro-
teins from various plant sources (Maurya et al., 2011; Kumar and
Santhi, 2012). SDS-PAGE gel (12%) showed the presence of protein
Lane1 Lane2 Lane3 Lane4 Lane5 Lane6 Lane7 Lane8 Lane9 Lane10
43kda
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Lane 1: Crude supernatant
Lane 2: Crude supernatant
Lane 3: Crude supernatant
Lane 6: Protein marker
Lane 7: Crude supernatant
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uffer (Ribeiro et al., 2007) consisting of 10 mM Na2HPO4, 15 mM
aH2PO4, 10 mM KCl, 2 mM EDTA (pH 7.0) and kept in constant stir-
ing for 3 h at 4 ◦C. Then the contents were ﬁltered and centrifuged
t 5000 × g for 20 min. The crude supernatant was lyophilized and
tored for further use. The crude supernatant (lyophilized) was fur-
her treated with ammonium sulphate for precipitation of proteins
ith various saturation limit from 20 to 80%. The concentrations
f proteins present in the precipitated samples were estimated by
radford assay (Bradford, 1976).
ltraﬁltration of protein extracts
The precipitated proteins obtained using 80% saturation of
mmonium sulphate from the seeds of M.  pubescens were frac-
ionated using ultraﬁltration membrane (10 kDa cut-off membrane,
micon). The concentrated ﬁltered solution containing proteins
maller than the pore size which is less than 10 kDa, was  lyophilized
nd stored at 4 ◦C for further use (Ketnawa, 2011).
DS-PAGE analysis
Sodium dodecyl sulfate polyacrylamide gel electrophoresis is
 widely used technique to separate proteins according to their
lectrophoretic mobility (Mahmood et al., 2012). About 40 l of
he crude supernatant was loaded into Lanes 1–4, 7,8 and 40 l of
he ultraﬁltered protein sample was loaded into Lanes 9, 10. Lanes
, 6 represents the protein marker of size ranging from 3.5 kDa to
3 kDa. The gel was kept under electrophoretic run for 2 h at 100 V
nd the protein bands were identiﬁed.
TIR analysis
Identiﬁcation of functional groups of the ultraﬁltered proteins
solated from the leaves of M.  pubescens was performed using Shi-
adzu Fourier transform infrared spectrophotometer (Surewicz
nd Mantsch, 1988) Ultraﬁltered proteins were homogenized with
otassium bromide to obtain a pellet. The pellet was scanned in
he infrared absorption region between 400 and 4000 cm−1 with a
esolution of 4 cm−1 (Widjanarko et al., 2011).
ytotoxic activity of protein extracts
The ultraﬁltered protein fractions were tested for cytotoxic
ctivity against the selected cancer cell lines using MTT  assay
Pascariu et al., 2011). Different concentrations of ultraﬁltered pro-
eins ranging from 2 to 100 g/ml were added to each well of 96
ell plates. The cells were cultured in 96-well plates (2 × 105 cells
er well) in DMEM supplemented with 10% FBS for 24 h. After 24 h
he cells were observed under phase contrast microscope and mor-
hology of cells were observed. The medium containing positive
ontrol and test samples were removed. MTT  (50 l) dye was added
o the wells containing 200 l of fresh medium. The cell lines were
ncubated in CO2 incubator for 4 h. After 4 h of incubation, medium
ontaining dye was removed and 200 l of DMSO was  added to dis-
olve the formazan crystal. The absorbance was recorded at 570 nm
nd the percentage of cell viability was calculated using the for-
ula:
At
 of cell viability =
Ac
× 100
here At, absorbance of treated cell; and Ac, absorbance of control
untreated cells).armacognosia 27 (2017) 99–104
DNA fragmentation assay
DNA fragmentation analysis (Kalinina et al., 2002) was carried
out to evaluate the mechanism of cell death in A549 cancer cell
line treated with 10 g/ml, of ultraﬁltered protein extract from
the leaves of M. pubescens and incubated at −20 ◦C overnight.
Cells were freezed and thawed three times for detachment of
cells from the ﬂasks. Cells (300 l) from the ﬂasks was taken in
an eppendorf and added with 800 l of proteinase K buffer was
added. About 4 l of proteinase K was  added and kept for 1 h
incubation at 56 ◦C in a water bath. After incubation, 700 l of
phenol:chloroform:isoamylalchohol (25:24:1) and 100 l of 5 M
sodium acetate were added to the mixture. The mixture was cen-
trifuged for 15 min  at 5000 × g, 4 ◦C. The supernatant was added
with 200 l of isopropyl alcohol and incubated at −20 ◦C for 1 h.
After incubation, the contents were centrifuged again at 5000 × g,
4 ◦C for 15 min. The supernatant was discarded and 1 ml  of 70%
ethanol was added to the pellet which was centrifuged for 15 min
at 6000 × g, 4 ◦C. The supernatant was again discarded and air
dried. Nuclease free water (20 l) was added and stored at −20 ◦C.
Agarose gel electrophoresis (0.8%) was  performed at 100 V.
Statistical analysis
The experiments were carried out in triplicates. The results
were calculated as mean along with standard error values. Statisti-
cal signiﬁcance was  calculated using one-way analysis of variance
(ANOVA). A value of p < 0.05 was  considered as statistically signiﬁ-
cant.
Results and discussion
Plant-based products including proteins and small molecular
compounds have been suggested as the favorable drugs for can-
cer treatment in regard to many adverse effects exerted by current
cancer treatments, namely chemotherapy and radiation therapy
(Ledesma et al., 2005). The concentration of proteins present in the
crude supernatant (1 mg/ml), 80% precipitated sample (0.8 mg/ml)Lane 4: Crude supernatant
Lane 5: Protein marker
Lane 9: Ultra filtered protein
Lane 10: Ultra filtered protein
Fig. 1. SDS-PAGE analysis of protein samples from the leaves of Morinda pubescens
Sm.
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ig. 2. FTIR spectral analysis of ultraﬁltered protein extract of Morinda pubescens.
ands of ultraﬁltered protein (lanes: 9, 10) and crude supernatant
lanes: 1–4, 7, 8). Lanes 5, 6 depicts the bands of protein marker
anging from the size of 3.5–43 kDa (Fig. 1).
The FTIR spectrum of the ultraﬁltered protein fractions (Fig. 2)
etected the peaks at 1631.26 cm−1 and 3353.97 cm−1 showing
he presence of carbonyl (C O) and hydroxyl (OH) stretching
ibrations. Further FTIR analysis of ultraﬁltered protein frac-
ions also depicted IR absorption bands at 2359.95, 2341.43 and
ig. 4. Photomicrographs (40×) of Vero cells treated with different concentrations of ult
orinda  pubescens.Fig. 3. Photomicrographs (40×) of untreated Vero cells (Control).
1403.00 cm−1 indicating the presence of aminoacids, peptides
and proteins containing N H bonds. Characteristic bands found
in the infrared spectra of proteins and polypeptides include the
Amide I and Amide II. These arise from the amide bonds that
link the amino acids. The absorption associated with the Amide I
band leads to stretching vibrations of the C O bond of the amide,
absorption associated with the Amide II band leads primarily to
bending vibrations of the N H bond. Since both the C O and
the N H bonds are involved in the hydrogen bonding that takes
place between the different elements of secondary structure, the
locations of both the Amide I and Amide II bands are sensitive to
the secondary structure content of a protein (Susi and Byler, 1983;
Byler and Susi, 1986). Similar studies were done on soya, wheat,
corn etc., where protein were isolated which were found out using
FTIR studies (Thani et al., 2010).
raﬁltered protein extract ranging from 2 to 100 g/ml, isolated from the leaves of
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The cytotoxic activity of ultraﬁltered proteins from leaves of M.
ubescens Sm., on normal Vero cells and A549 cancer cells were
easured by MTT  colorimetric assay. Untreated Vero cell lines
ere used as control (Fig. 3). Vero cell lines treated with dif-
erent concentrations of ultraﬁltered proteins ranging from 2 to
00 g/ml, showed increased cell viability of 98% (Figs. 4 and 5).
n increased percentage of cell viability of A549 cells was  noted
t the minimum concentrations of 2–5 g/ml of ultraﬁltered pro-
ein extract (Figs. 6–8). Cell viability (50%) of A549 cells treated
ith 10 g/ml of ultraﬁltered protein extract was  also examined
Figs. 6–8). Further it was observed that there was  a decreased
ercentage of cell viability of A549 cells treated with increasing
ig. 7. Photomicrographs (40×) of A549 cells treated with different concentrations of ul
orinda pubescens.Fig. 6. Photomicrographs (40×) of untreated A549 cells (Control).
concentrations of ultraﬁltered protein extract ranging from 15 to
100 g/ml (Figs. 6–8). Previous studies were reported on anti-
cancer property of proteins extracted from Gynura procumbens,
Asteraceae, on breast cancer cell line, MDA-MB-231, at an EC50
value of 3.8 g/ml (Ng et al., 1992). Similar studies were carried out
for the anticancer property of Bidens alba protein-extract against
human colorectal cancer (SW 480) cells which depicted marked
DNA damages and apoptosis-related cellular morphologies (Hew
et al., 2013).
Further DNA fragmentation assay was  performed by agarose
gel electrophoresis. A DNA ladder characteristic of apoptosis
was observed in A549 cells treated with 10 g/ml of ultraﬁl-
tered proteins (Lane 2, Fig. 9). However, the DNA extracted from
the untreated Vero cells, appeared as distinct band showing the
traﬁltered protein extract ranging from 2 to 100 g/ml, isolated from the leaves of
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Fig. 9. Agarose gel depicting DNA fragmentation of A549 cells showing, Lane1:
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rotein extract; Lane 4: Untreated Vero cell lines.
iability of Vero cells (Lane 4, Fig. 9). Apoptosis, a kind of cellular
eath is characterized by the early activation of endogenous pro-
eases, cell shrinkage and DNA fragmentation (Nagata, 2000). The
uclear DNA of apoptotic cells shows a characteristic laddering pat-
ern of oligonucleosomal fragments (Nagata et al., 2003). Similar
bservations were noted with the human colorectal cancer SW480
ells and monocytic leukemia THP-1 cells treated with the pro-
ein extracts of Calvatiali lacina,  Pleurotus ostreatus and Volvariella
olvacea. The viabilities of THP-1 and SW480 cells decreased in a
oncentration-dependent manner after 24 h of treatment with the
rotein extracts of the selected plants. Apoptotic analysis revealed
hat the percentage of SW480 cells in the SubG1phase (a marker of
poptosis) was increased upon treatment with protein-extracts of
leurotus ostreatus and Volvariella volvacea, indicating that oligonu-
leosomal DNA fragmentation existed concomitantly with cellular
eath (Ong et al., 2008; Jin-Yi et al., 2011).
In conclusion the ultraﬁltered proteins extracted from the leaves
f M.  pubescens exhibited signiﬁcant cytotoxic activity on A549
ells at the IC50 concentration of 10 g/ml. Besides, the ultraﬁltered
rotein fraction did not show any inhibitory effects on the pro-
iferation of Vero cells. Further, DNA fragmentation was observed
n A549 cells treated with ultraﬁltered proteins, thereby indicat-
ng the onset of apoptotic cell death. Thus, the results obtained
n this study suggest that the ultraﬁltered proteins (10 kDa)
ith apoptosis-inducing activity, isolated from the leaves ofarmacognosia 27 (2017) 99–104 103
M. pubescens can act as potential anticancer agents in cancer
chemotherapy.
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